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The coordination chemistry of peri-substituted naphthalenes has developed significantly over the last two decades, with the rigidity of the organic scaffold and the close proximity of the peri-substituents providing the correct spacial arrangement for bidentate coordination to a metal centre.[1,2] In the late 1970s and early 1980s Teo and co-workers utilised oxidative addition reactions to coordinate tetrathionaphthalene (TTN), tetrachlorotetrathionaphthalene (TCTTN) and tetrathiotetracene (TTT) to a variety of low-valent platinum and iridium substrates, affording a number of singly and doubly bridged transition metal complexes with unusual structural motifs and rich redox chemistry.[3] The same reaction methods have recently been employed in the formation of a platinum complex of tetracene imide disulfide, a derivative of TTT.[4]
Due to their structural similarity, similar oxidative reactions were utilised during our own investigations to prepare a comprehensive series of mononuclear platinum(II) complexes formed from a range of 1,8-dichalcogen naphthalenes and zero-valent platinum species [Pt(PPh3)4] and [Pt(C2H4)(PMe3)2].[5] An alternative route to these complexes employs a metathesis reaction starting from the respective dichalcogenate, prepared in situ from the parent species by reduction of the E-E` bond with lithium triethylborohydride (LiBEt3H).[5] Similar metathetical reactions were carried out in a closely related study of a group of diselenolate ligands containing a number of different backbones, with complexes formed by the reaction of in situ generated diselenolates with [PtCl2(P(OPh)3)2].[6] More recent investigations have applied similar metathetical methods to the formation of two analogous series of platinum(II) complexes bearing corresponding acenaphthene and acenaphthylene based dichalcogenate ligands and 1,8-naphthosultone.[7,8,9]
As a continuation of this work, we chose to study the coordination chemistry of the commercially available 1,8-naphthosultam, which up until now had not been investigated. In fact, the nonameric copper(I) cluster reported by van Koten and co-workers is the only example in the literature of a N,S-chelating peri-naphthalene ligand.[10] Herein we describe the preparation of platinum bis(phosphine) complexes 1-4 [Pt(PR3)2(L)(Cl)] (R3 = Ph3, Ph2Me, Me2Ph, Me3) and  6-8 [Pt(PR3)2(L)2] (R3 = Ph3, Ph2Me, Me2Ph) formed by metathetical methods from 1,8-naphthosultam (L) and cis-[Pt(PR3)2Cl2] (R3 = Ph2Me, PhMe2, Me3) and complexes 5 [Pt(COD)(L)Cl] and 6 [Pt(COD)(L)2] (9) prepared by similar methods from [Pt(COD)Cl2].
2.	Experimental Section 
All experiments were carried out under an oxygen- and moisture-free nitrogen atmosphere using standard Schlenk techniques and glassware. Reagents were obtained from commercial sources and used as received. Dry solvents were collected from a MBraun solvent system. Elemental analyses were performed by Stephen Boyer at the London Metropolitan University. Infra-red spectra were recorded for solids as KBr discs in the range 4000-300 cm-1 on a Perkin-Elmer System 2000 Fourier transform spectrometer. 1H and 13C NMR spectra were recorded on a Bruker Avance 300 MHz spectrometer with δ(H) and δ(C) referenced to external tetramethylsilane. 31P were recorded on a Jeol GSX 270 MHz spectrometer with δ(P) referenced to external phosphoric acid. All measurements were performed at 25 °C. All values reported for NMR spectroscopy are in parts per million (ppm). Coupling constants (J) are given in Hertz (Hz). Mass spectrometry was performed by the University of St. Andrews Mass Spectrometry Service. Electrospray Mass Spectrometry (ESMS) was carried out on a Micromass LCT orthogonal accelerator time of flight mass spectrometer. All [Pt(PR3)2Cl2] reagents were prepared following standard literature procedures.[11]

[Pt(PPh3)2(L)Cl] (1): NaOtBu (0.08 g, 0.82 mmol) was added to a solution of 1,8-naphthosultam (0.16 g, 0.78 mmol) in THF (20 mL). An immediate colour change occurred from clear, orange to dark, yellow. After stirring for 30 min, the resulting solution was transferred via a stainless steel cannula to a suspension of [Pt(PPh3)2Cl2] (0.30 g, 0.38 mmol) in THF (10 mL). The mixture was stirred for 24 hours resulting in a cloudy yellow solution. The solution was then filtered and the filtrate was evaporated to dryness under reduced pressure, to give a yellow solid which was dried in vacuo (0.15 g, 40%); mp 155-157 °C (decomp.); elemental analysis (Found: C, 57.4; H, 3.9; N, 1.4. Calc. for C46H36ClNO2P2PtS: C, 57.6; H, 3.8; N, 1.5%); IR (KBr disc) vmax cm-1 3054w, 1621w, 1582s, 1482s, 1436vs, 1374s, 1281vs, 1211w, 1156vs, 1134vs, 1095vs, 1000w, 879w, 808s, 744s, 692vs, 604w, 568s, 548s, 526vs, 497s; δH(300 MHz; CDCl3; 25 °C; Me4Si) 7.52-7.39 (12 H, m, Nap 2, 4-H, P-Phenyl), 7.31-7.13 (6 H, m, Nap 3, 5, 6-H, P-Phenyl), 7.09-7.05 (6 H, m, P-Phenyl), 7.00-6.95 (6 H, m, P-Phenyl), 6.90-6.83 (6 H, m, P-Phenyl), 6.77 (1 H, d, 3JHH 7.2 Hz, Nap 7-H); δC(75.5 MHz; CDCl3; 25 °C; Me4Si) 135.7 (d, 2JCP 10.1 Hz), 134.9 (d, 2JCP 10.9 Hz), 131.1 (br s), 129.6(s), 129.2(s), 128.4 (d, 3JCP 11.2 Hz), 128.0 (d, 3JCP 11.5 Hz), 126.6(s), 118.2(s), 114.2(s), 104.9(s); δP(110 MHz; CDCl3; 25 °C; H3PO4) 8.4 (d, 1JP-Pt = 3331 Hz, 2JP-Pt = 19 Hz ), -16.4 (d, 1JP-Pt = 3799 Hz, 2JP-Pt = 19 Hz); MS (ES+):  m/z 923.06 (100%, M+ - Cl). 
[Pt(COD)(L)Cl] (5): Complex 5 was prepared following a similar procedure to that described for 1, using 1,8-naphthosultam (0.08 g, 0.40 mmol), NaOtBu (0.04 g, 0.42 mmol) and [Pt(COD)Cl2] (0.16 g, 0.43 mmol) to yield an off-brown solid (0.13 g, 61%); mp 134-136 °C (decomp.); elemental analysis (Found: C, 39.6; H, 3.4; N, 2.7. Calc. for C18H18ClNO2PtS: C, 39.8; H, 3.3; N, 2.6%); IR (KBr disc) vmax cm-1 3229w, 3008w, 2961w, 2363w, 2345w, 1625w, 1583w, 1492w, 1475w, 1460w, 1450s, 1424w, 1371s, 1339s, 1311s, 1178s, 1157vs, 1138vs, 1029w, 1009s, 910w, 872s, 832s, 811vs, 765s, 695w, 604s, 570s, 555w, 527s, 503w, 474s; δH(300 MHz; CDCl3; 25 °C; Me4Si) 8.00 (1 H, d, 3JHH 8.2 Hz, Nap 4-H), 7.88 (1 H, d, 3JHH 7.0 Hz, Nap 2-H), 7.70-7.65 (1 H, m, Nap 3-H), 7.44-7.42 (2 H, m, Nap 5, 6-H), 6.86 (dd, 3JHH 6.2 Hz, 4JHH 1.8 Hz, Nap 5-H), 5.51 (4 H, s, 2JHPt 66.7 Hz, COD-CH, vinylic), 2.61-2.57 (4 H, m, COD-CH2), 2.20-2.13 (4 H, m, COD-CH2); δC(75.5 MHz; CDCl3; 25 °C; Me4Si) 131.6(s), 129.8(s), 128.6(s), 120.2(s), 120.0(s), 107.4(s), 100.7 (s, 1JPtC 152.6 Hz), 31.3(s); MS (ES+): m/z 564.91 (35%, M+ + Na). 
[Pt(PPh2Me)2(L)2] (6): Complex 6 was prepared following a similar procedure to that described for 1, using 1,8-naphthosultam (0.16 g, 0.80 mmol), NaOtBu (0.08 g, 0.84 mmol) and [Pt(PPh2Me)2Cl2] (0.27 g, 0.40 mmol), to give a yellow solid which was dried in vacuo (0.14 g, 34%); mp 179-181 °C; elemental analysis (Found: C, 54.8; H, 3.9; N, 2.7. Calc. for C46H38N2O4P2PtS2: C, 55.0; H, 3.8; N, 2.8%); IR (KBr disc) vmax cm-1 3053w, 2923w, 1621w, 1582s, 1489s, 1448vs, 1373vs, 1335w, 1273vs, 1211s, 1157vs, 1133vs, 1104s, 1022w, 884s, 810s, 766s, 736s, 692s, 606w, 568s, 510s, 454w, 353w; δH(300 MHz; CDCl3; 25 °C; Me4Si) 7.57 (1 H, d, 3JHH 8.1 Hz, Nap 4-H), 7.45 (1 H, d, 3JHH 7.1 Hz, Nap 2-H), 7.40-7.38 (4 H, m, P-Phenyl 10, 14 H), 7.32-7.24 (2 H, m, Nap 3, 6-H), 7.19-7.17 (1 H, m, Nap 5-H), 7.06-6.98 (6 H, m, P-Phenyl 11-13-H), 6.93 (1 H, d, 3JHH 8.4 Hz, Nap 7-H), 1.70 (6 H, d, 1JHH 10.5 Hz, CH3 x 2); δC(75.5 MHz; CDCl3; 25 °C; Me4Si); 133.6-133.1 (m, P-Phenyl), 131.4 (br s), 131.1 (br s), 129.8(s), 129.4(s), 128.4-128.3 (m, P-Phenyl), 126.7(s), 118.2(s), 114.6(s), 106.6(s), 30.7(s, P-Methyl);  δP(110 MHz; CDCl3; 25 °C; H3PO4) -7.3 (s, 1JP-Pt = 3348 Hz); MS (ES+):  m/z 1025.98 (100%, M+ + Na), 798.99 (80%, M+ - Cl). 
[Pt(PPhMe2)2(L)2] (7): Complex 7 was prepared following a similar procedure to that described for 1, using 1,8-naphthosultam (0.16 g, 0.78 mmol), NaOtBu (0.08 g, 0.82 mmol) and [Pt(PPhMe2)2Cl2] (0.21 g, 0.37 mmol) to yield a yellow solid (0.24 g, 76%); mp 171-173 °C (decomp.); IR (KBr disc) vmax cm-1 2919w, 1621s, 1581s, 1490s, 1449vs, 1372vs, 1335w, 1273vs, 1211w, 1157vs, 1132vs, 1109s, 950s, 926s, 880s, 811s, 745s, 694s, 606w, 568s, 534s, 490w, 449w, 350w; δH(300 MHz; CDCl3; 25 °C; Me4Si) 7.74 (2 H, d, 3JHH 8.0 Hz, Nap 4-H), 7.66 (2H, d, 3JHH 6.8 Hz, Nap 2-H), 7.46-7.33 (16 H, m, Nap 3, 5, 6-H, P-Phenyl), 7.01 (dd, 3JHH 7.8 Hz, 4JHH 1.1 Hz, Nap 7-H), 1.27-1.18 (12 H, m, CH3 x 4); δC(75.5 MHz; CDCl3; 25 °C; Me4Si); 132.1(s), 131/6-131.5 (m, P-Phenyl), 130.1(s), 129.5-129.3 (m, P-phenyl), 127.2(s), 118.8(s), 114.6(s), 106.5(s), 16.1 (d, 1JPC 43.0 Hz), 10.6 (d, 1JPC 40.0 Hz); δP(110 MHz; CDCl3; 25 °C; H3PO4) -16.2 (s, 1JP-Pt = 3305 Hz); MS (ES+):  m/z 901.89 (100%, M+ + Na), 674.95 (70%, M+ - Cl).
[Pt(COD)(L)2] (9): Complex 9 was prepared following a similar procedure to that described for 1, 1,8-naphthosultam (0.16 g, 0.78 mmol), NaOtBu (0.08 g, 0.84 mmol) and [Pt(COD)Cl2] (0.15 g, 0.41 mmol) to yield a yellow solid (0.07 g, 24%); mp 180-182 °C (decomp.); IR (KBr disc) vmax cm-1 3434s, 1622s, 1582s, 1491w, 1450s, 1372s, 1281s, 1157vs, 1134vs, 880s, 813s, 606s, 571s, 534s; δH(300 MHz; CDCl3; 25 °C; Me4Si) 7.71 (1 H, d, 3JHH 6.8 Hz, Nap 4-H), 7.62 (1 H, d, 3JHH 8.1 Hz, Nap 2-H), 7.46-7.41 (1 H, m, Nap 3-H), 7.23-7.16 (2 H, m, Nap 5, 6-H), 6.69-6.60 (1 H, m, Nap 7-H), 6.04 (2 H, s, 2JHPt 65.3 Hz, COD-CH, vinylic), 5.82 (2 H, s, 2JHPt 62.0 Hz, COD-CH, vinylic), 2.77-2.72 (4 H, m, COD-CH2), 2.34-2.30 (4 H, m, COD-CH2); δC(75.5 MHz; CDCl3; 25 °C; Me4Si) 130.4(s), 129.1(s), 118.6(s), 116.1(s), 107.8(s), 104.7(s), 100.5(s), 31.0(s), 30.9(s); MS (ES+):  m/z 734.05 (50%, M+ + Na). 
X-Ray Crystallography
Data for L were collected at -148(1) °C on a Rigaku SCXmini CCD area detector with graphite-monochromated Mo-Kα radiation (λ = 0.71073 Å). The X-ray crystal structure for N-methyl-1,8-naphthsoultam was determined at –148(1) °C with the St Andrews Robotic Diffractometer,[12] a Rigaku ACTOR-SM, and a Saturn 724 CCD area detector with graphite-monochromated Mo-Kα radiation (λ =0.71073 Å). Data for compounds 1 and 5 were collected at 0(1) °C and −180(1) °C, respectively using a Rigaku MM007 high-brilliance RA generator (Mo Kα radiation, confocal optic) and Mercury CCD system. Data for 9 was collected at −180(1) °C using a Rigaku MM007 high-brilliance RA generator (Mo Kα radiation, confocal optic) and Saturn CCD system. At least a full hemisphere of data was collected using ω scans. Intensities were corrected for Lorentz, polarization, and absorption. Data for all compounds analyzed were collected and processed using CrystalClear (Rigaku).[13] Structures were solved by direct methods[14] and expanded using Fourier techniques.[15] Non-hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding model. All calculations were performed using the CrystalStructure[16] crystallographic software package except for refinement, which was performed using SHELXL2013.[17] All images of molecular structures were generated using OLEX2.[18]  CCDC Nos  1008659-1008663.

3.	Results and Discussion 

Platinum bis(phosphine) complexes [Pt(PR3)2(L)Cl] (1-4) and [Pt(PR3)2(L)2] (6-8) bearing the 1,8-naphthosultam ligand (L) have been prepared by metathesis from cis-[Pt(PR3)2Cl2] (R3 = Ph3, Ph2Me, PhMe2, Me3) and the sodium salt of L (Schemes 2 and 3). The sodium salt of L was also reacted with [Pt(COD)Cl2] resulting in [Pt(COD)(L)Cl] (5) and [Pt(COD)(L)2] (9) (Schemes 2 and 3). Only 31P NMR data were obtained for complexes 2-4 and 8. The remaining complexes were fully characterised, principally by multinuclear magnetic resonance and IR spectroscopy and mass spectrometry. The homogeneity of the new compounds was, where possible, confirmed by microanalysis.
One equivalent of 1,8-naphthosultam (L) was initially reacted with two equivalents of lithium triethylborohydride with the anticipation that it would reduce the sulfur-nitrogen bond and form the dilithio-species, which would subsequently react with one equivalent of [Pt(PPh3)2Cl2] to form the [Pt(PPh3)2(L)] complex in a similar way to related compounds.[5-9] We found, however, that lithium triethylborohydride favours deprotonation of the nitrogen and thus did not reduce the sulfur-nitrogen bond (Scheme 1). 


Scheme 1 Anticipated route of reaction and actual route of reaction for 1,8-naphthosultam and lithium triethylborohydride:  i) LiBEt3H, THF, r.t. ii) [Pt(PPh3)2Cl2], THF.
NaOtBu was consequently employed to purposely deprotonate the nitrogen and yield a sodium salt of the ligand. Subsequent metathetical reaction of the sodium-species (1 eq.) with a suspension of the appropriate [Pt(PR3)2Cl2] (1 eq.) in THF yielded platinum complexes 1-4 [Pt(PR3)2(L)(Cl)] (R3 = Ph3, Ph2Me, PhMe2, Me3). This reaction was also successful with [Pt(COD)Cl2] resulting in [Pt(COD)(L)(Cl)] (5) (Scheme 2). We repeated the aforementioned reaction with two equivalents of 1,8-naphthosultam and NaOtBu and one equivalent of the appropriate [Pt(PR3)2Cl2] to yield complexes 6-8 [Pt(PR3)2(L)2] (R3 = Ph2Me, PhMe2, Me3) and with one equivalent of [Pt(COD)Cl2] to yield complex 9 [Pt(COD)(L)2] (Scheme 3).


Scheme 2 Reaction route for the synthesis of the platinum complexes [Pt(PR3)2(L)Cl] 1-4 and [Pt(COD)(L)Cl] 5: i) NaOtBu (1 eq.), THF, r.t.; ii) [Pt(PR3)2Cl2]/[Pt(COD)Cl2] (1 eq.), THF. 


Scheme 3 Reaction route for the synthesis of the platinum complexes [Pt(PR3)2(L)2] 6-8 and [Pt(COD)(L)2] 9: i) NaOtBu (2 eq.), THF, r.t.; ii) [Pt(PR3)2Cl2]/[Pt(COD)Cl2] (1 eq.), THF. 

The related triphenylphosphine complex [Pt(PPh3)2(L)2] could not be prepared. Density functional theory calculations were carried out using complex 1 (A) and the hypothetical complex [Pt(PPh3)2(L)2] (B), in order to understand why the desired product could not be obtained with [Pt(PPh3)2Cl2]. The distances at the PBE0/ECP1 level were collected (Table 1) and it was determined that there was no steric reason for B not being formed. 










[a]X-ray (this work); [b]trans to N; [C]PBE0/ECP1 level; [d]Mean value.

Reaction enthalpies and free energies (in parentheses) were obtained at level M06/ECP2/PCM, in order to estimate the driving forces for the displacement of the chlorine ligands in the precursor [Pt(PPh3)2Cl2] (C). It was found that formation of A and B from C and 1,8-naphthosultam anions is exothermic. There is therefore a substantial driving force for substitution of the second chlorine in A. It was concluded from the calculations that there is no steric or thermodynamic reason for [Pt(PPh3)2(L)2] not forming and it is proposed that the reason may be kinetic in origin. 
C + sultam- → A + Cl-,      ΔH = -7.7 kJ/mol (ΔG = +18.6 kJ/mol)	(1)
C + 2 sultam- → B + 2 Cl-, ΔH = -27.5 kJ/mol (ΔG = +24.4 kJ/mol)	(2)
A + sultam- → B + Cl-,	 ΔH = -19.8 kJ/mol (ΔG = +5.8 kJ/mol)	(3)
The 31P{1H} NMR for complexes 1-4 display the expected AX pattern for two cis-phosphines trans to two electronically disparate ligands with differing trans influences (Table 2). Consistent with the larger trans influence of the naphthosultam ligand,[19,20] the phosphorus resonance with the larger 1J(31P-195Pt) coupling constant is assigned to the phosphine group trans to the chlorine atom in all four complexes. Relative to chlorine, the presence of the nitrogen ligand selectively weakens the bond between the metal centre and the phosphine ligand trans to itself, leading to reduced 1J(31P-195Pt) coupling. The values observed are comparable to similar amido complexes in the literature,[20] and the symmetrical systems 6-8 from this study (Table 2), whilst the 1J(31P-195Pt) coupling for the phosphine ligands trans to Cl are of the same magnitude as [Pt(PPh3)2Cl2)] (3674 Hz). Whilst bond weakening is often assumed to be synonymous with bond lengthening, this is not always the case, as shown by the comparable Pt-P bond lengths in complex 1 [Pt1-P1 2.251(4) Å; Pt1-P2 2.262(4) Å]. As anticipated, a steady decrease is observed in 1J(31P-195Pt) coupling in 1-4 and 6-8 as the phenyl groups are replaced by methyl groups, consistent with the decrease in electronegativity of the alkyl substituents and an apparent decrease in the s character of the bond.[7,21] 2J(31PA-31PX) coupling constants for 1-4 (19-21 Hz) are indicative of un-symmetrically substituted cis-platinum bisphosphine complexes.[5] 

In the 1H NMR spectrum of complex 5 the vinylic protons of the cyclooctadiene appear as a broad singlet at 5.51 ppm with platinum satellites for 2J(1H-195Pt) coupling (66.7 Hz). The corresponding signal in the 13C NMR spectrum appears at 100.7 ppm with 1J(13C-195Pt) = 152.6 Hz. Conversely, in the 1H NMR spectrum of complex 9 the vinylic protons are represented by two broad singlets at 6.04 ppm and 5.82 ppm, each with satellites for 2J(1H-195Pt) coupling (65.3 Hz, 62.0 Hz), suggesting the cyclooctadiene ligand is coordinated to the platinum centre with little fluxionality.[22]
Table 2 31P{1H} NMR spectroscopic data for complexes 1-4, 6-8











In order to analyse the impact on the peri-naphthalene system caused by forming platinum complexes, the crystal structure of 1,8-naphthosultam (L) was first studied (Table 3, Figure 1). 1,8-Naphthosultam has a sulfur-nitrogen bond distance of 1.676(9) Å which is shorter than the 2.44 Å[2] peri-distance in unsubstituted naphthalene; this is expected as a bond has formed between the peri-substituents. However, this bond distance is longer than the typical sulfur-nitrogen bond length in a (C-SO2-NH-C) system (1.633 Å).[23] The peri-angles in naphthalene are 118.3(1)°, 120.6(1)° and 118.3(1)° with the sum being 357.2°.[2] In comparison the sum of the bay angles in 1,8-naphthosultam is 334.4(12)°, this indicates that the atoms have moved closer together due to a favourable interaction. Minor distortion of the naphthalene geometry occurs with central C-C-C-C torsion angles varying from the planar 180° by 0.8-2.2°. Minor out-of-plane distortion is also observed with the oxygen atom sitting 0.110(1) Å below the naphthyl plane. The sulfur atom, however, essentially lies on the naphthyl plane. In a typical trigonal pyramidal nitrogen species, such as NH3, the angle observed between the substituents is 107°.[24] In 1,8-naphthosultam the S(1)-N(9)-C(9) angle is 113.0(7)° this is due to the nitrogen being held in a rigid five-membered ring system [C(10)-C(9)-N(9)-S(1)-C(1)].  

Figure 1 The molecular structure of 1,8-naphthosultam (L) with CH atoms omitted for clarity.
Single crystals were obtained for 1, 5 and 9 by diffusion of hexane into a saturated solution of the complex in dichloromethane. The molecular structures of 1, 5 and 9 are shown in Figures 3 and 4. All structures possess the 1,8-naphthosultam system as a monodentate ligand, bonding through the nitrogen atom to a platinum centre, with the S-N-C3 peri-region remaining intact. The sulfur-nitrogen peri-distances observed in 1 (1.628(13) Å), 5 (1.606(19) Å) and 9 (1.648(11) Å), are not significantly different from that in L (1.676(9) Å). Compression of the bond angles in the bay region is observed; the free ligand L has a negative splay angle of -25.6° compared to -29.6° in 1, -27.9° in 5 and -27.1° in 9. There is minor distortion of the naphthalene system in L with torsion angles of 179.2(6)° and 177.8(7)° observed. This is not altered significantly in the complexes with all three complexes having torsion angles varying from 177.1° to 180°. However, there is a noticeable change in out-of-plane displacement of the peri-atoms. In the free ligand the sulfur sits on the naphthyl plane with nitrogen 0.110(1) Å below. Whereas in 1 and 5 the sulfur atom now lies c.a. 0.250(1) Å below the naphthyl plane and the nitrogen lies on the naphthyl plane; and in 9 both the sulfur and nitrogen atoms lie below the naphthyl plane at 0.032(1) Å and 0.078(1) Å, respectively. Changes in the out-of-plane displacement can be accredited to the atoms moving to the optimum position for coordination. 

Figure 2 Comparison of the angles (°) associated with the square planar geometry of the platinum metal in complexes 1 (left), 5 (middle) and 9 (right).
The platinum metal centres in 1 and 5 display a distorted square planar geometry (Figure 2). In 5 the COD ligand binds to the platinum centre via centroids Cg(C11-C12) and Cg(C15-C16); for ease of comparison Cg(C11-C12) and Cg(C15-C16) will be referred to as X1 and X2, respectively. The X1-Pt(1)-X2 angle of 86.18(1)° in 5 is comparable to that found in [COD]PtClN(SiMe3)2 (86.81°), the only structure found in the literature containing the [COD]PtNCl motif.[22,25] The X1-Pt(1)-X2 angle in 5 is closer to the ideal 90° for square planar geometry and much smaller than the corresponding P(1)-Pt(1)-P(2) angle of 97.34(12)° in 1, although the latter lies close to the mean P(1)-Pt(1)-P(2) angle (98.09°) observed for the 55 known structures adopting the cis-P2PtNCl motif.[25] The X(1)-Pt(1)-N(9) angle of 92.84(1)° in 5 is equal to the X(2)-Pt(1)-Cl(1) angle (92.28(1)°), whereas in 1 the P(1)-Pt(1)-N(9) angle (91.5(4)°) is notably larger than the P(2)-Pt(1)-Cl(1) angle (84.35(13)°) which fits the pattern found for the majority of complexes incorporating the cis-P2PtNCl motif.[25,26] 
The N(9)-Pt(1)-Cl(1) angle of 88.9(5)° in 5 is notably smaller than the corresponding angle in [COD]PtClN(SiMe3)2 (91.27(9)°),[22] and closer to the equivalent angle in 1 86.8(4)° which is about average for cis-P2PtNCl type complexes (87.06°).[25] These differences can be understood by the fact that triphenylphosphine is a monodentate ligand which means the two triphenylphosphine groups are independent of each other and therefore free to move to the most comfortable geometry. In comparison COD binds via two centroids resulting in restricted movement, this leads to equal X(1)-Pt(1)-N(9) and X(2)-Pt(1)-Cl(1) angles, compression of X1-Pt(1)-L2 and subsequent widening of N(9)-Pt(1)-Cl(1). Pt(1)-N(9) (2.056(11) Å 1; 2.074(16) Å 5) and Pt(1)-Cl(1) (2.341(4) Å 1; 2.325(6) Å 5) bond lengths are comparable in both complexes. Interestingly the Pt(1)-X1 and Pt(1)-X2 distances in 5 (2.060(1) Å, 2.076(1) Å) are shorter than the equivalent distances in  [COD]PtClN(SiMe3)2 (2.155(4) Å, 2.201(4) Å),[22] whilst corresponding Pt(1)-P(1) and Pt(1)-P(2) distances in 1 (2.251(4) Å, 2.262(4) Å) are consistent with average lengths found in similar complexes.[25,26]  
Complex 9 was found to have similar levels of distortion from the 'ideal' square planar geometry as complex 5, with no significant differences seen in the bond angles or bond lengths between the two complexes (Figure 2). Up until now, only nine complexes have been reported containing the cis-N2PtCOD motif, of which eight are constructed from a bidentate N,N-ligand.[25,27-31] The length of the chain linking the two nitrogen donor atoms, and the size of the subsequent chelate ring that is formed upon coordination, has a significant impact on the geometry around the platinum centre. For example ortho substituted ligands afford N-Pt-N angles of 79.5-80.2°, which reduces to 72.7° for a comparable complex employing the 2,2’bipyridine (bpy) ligand.[27,28] Unsurprisingly, ligands in which the two N donor atoms are bridged by a single atom (C or S) bind to the platinum centre to form restricted 4 membered chelate rings with significantly more acute N-Pt-N angles (64.6-69.6°).[29] In contrast, the geometry around Pt in complex 9 is indicative of two nitrogen ligands binding independently of one another, with a N-Pt-N angle (88.6(5)°) comparable to that found in complex 5 and marginally smaller than found in a related complex formed from two pyrazolate ligands (92.6°).[30] It can be concluded that replacing a chlorine atom with another 1,8-naphthosultam ligand has minimal effect on the geometry around the platinum centre and the overall complex. 
 
















∑ of bay angles	334.4(12)	330.4(22)	332.1(28)	332.9(18)
Splay anglea	-25.6	-29.6	-27.9	-27.1
Out of plane displacement				
S(1)	+0.003(1)	-0.250(1)	-0.242(1)	-0.032(1)
N(9)	-0.110(1)	+0.007(1)	+0.009(1)	-0.078(1)
Central naphthalene ring torsion angles				
C(6)-C(5)-C(10)-C(1)	177.8(7)	-177.2(12)	178.5(17)	-177.1(11)
C(4)-C(5)-C(10)-C(9)	179.2(6)	177.1(12)	180(2)	177.2(13)













a Splay angle: ∑ of the three bay region angles - 360;  b L(1): P(1) for 1, Cg(15,16) for 5, Cg(11,18) for 9; L(2): P(2) for 1, Cg(11,12) for 5, Cg(111,181) for 9.

As reducing agents preferentially deprotonate the nitrogen atom in L instead of reducing the sulfur-nitrogen bond we decided to replace the hydrogen atom on the nitrogen with a methyl group. It was thought that this would stabilise the nitrogen atom and allow reduction of the sulfur-nitrogen bond. N-methyl-1,8-naphthosultam 10 was prepared following standard literature procedure.[32] Although N-methyl-1,8-naphthosultam 10 is a known compound,[32] the crystal structure has not been reported. We obtained single crystals from diffusion of hexane into a saturated solution of the product in dichloromethane (Figure 5), additional crystallographic data can be found in the supplementary information. 
N-methyl-1,8-naphthosultam 10 was reacted with two equivalents of lithium triethylborohydride with the anticipation that it would reduce the sulfur-nitrogen bond and form the dilithio-species, which could then react with [Pt(PPh3)2Cl2] to form the desired [Pt(PPh3)2(L)] complex. This reaction did not proceed, with NMR showing signals for the starting materials only. 






The work presented in this paper follows on from our previous studies of platinum bis(phosphine) complexes bearing peri-substituted 1,8-dichalcogen naphthalenes and 1,8-naphthosultone as ligands.[5-9] Herein we describe the preparation of seven platinum bis(phosphine) complexes 1-4 [Pt(PR3)2(L)(Cl)] (R3 = Ph3, Ph2Me, Me2Ph, Me3) and  6-8 [Pt(PR3)2(L)2] (R3 = Ph3, Ph2Me, Me2Ph) formed by metathetical reactions from 1,8-naphthosultam (L) and cis-[Pt(PR3)2Cl2] (R3 = Ph2Me, PhMe2, Me3). Complexes 5 [Pt(COD)(L)(Cl)] and 6 [Pt(COD)(L)2] (9) were also prepared from [Pt(COD)Cl2]. 
The 31P{1H} NMR spectra of complexes 1-4 display an AX pattern with appropriate platinum satellites. Previously it has been observed that higher 1J(31P-195Pt) coupling constants are observed for more electron withdrawing R groups, with 1J(31P-195Pt) decreasing as phenyl groups are replaced with electron donating methyl groups.[5-9] A steady decrease in value for 1J(31PA-195Pt) and 1J(31Px-195Pt) coupling was also observed in these compounds. Due to the symmetrical nature of complexes 6-8, single resonances with platinum satellites are observed in their 31P{1H} NMR spectra with the same trend in 1J(31P-195Pt) coupling occurring.
Complexes 1, 5 and 9 bear the 1,8-naphthosultam system as a monodentate ligand, bonding through the nitrogen atom to a platinum centre, with the S-N-C3 peri-region remaining intact. All three experienced minor deformation in the naphthalene framework when compared to the free ligand (L). However, a noticeable change in out-of-plane displacement of the peri-atoms was observed, which can be accredited to the atoms moving to the optimum position for minimal distortion to the naphthalene geometry. The platinum metal centre in all three complexes maintains a distorted square planar geometry, with 1 displaying the greatest distortion. 
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Out of plane displacement	
S(1)	-0.033(1), [-0.078(1)]
N(9)	+0.005(1), [+0.039(1)]
Central naphthalene ring torsion angles	
C(6)-C(5)-C(10)-C(1)	179.3(5), [-179.9(5)]
C(4)-C(5)-C(10)-C(9)	-178.0(5), [-179.8(5)]
 aSplay angle: ∑ of the three bay region angles - 360.	







Crystal Colour, Habit	colourless, chip	yellow, prism	yellow, prism
Crystal Dimensions (mm3)	0.200 X 0.100 X 0.080	0.100 X 0.050 X 0.030	0.120 X 0.030 X 0.030
Crystal System	orthorhombic	monoclinic	monoclinic
Lattice Parameters	a = 7.2317(12) Å	a = 9.950(3) Å	a = 8.004(4) Å
	b = 15.270(3) Å	b = 19.784(5) Å	b = 15.167(7) Å
	c = 7.9780(14) Å	c = 20.084(6) Å	c = 16.627(8) Å
	-	-	-








No. of Reflections Measured	7003	24148	12671
Rint	0.1188	0.1293	0.1930
Min and Max Transmissions	0.479 - 0.974	0.519 - 0.892	0.030 - 1.000
Independ. Reflection (No. Variables)	1555(131)	6833(487)	3656(244)
Residuals: R1 (I>2.00σ(I))	0.0899	0.0762	0.1034
Residuals: wR2 (All Reflections)	0.2083	0.1635	0.3035
Goodness of Fit Indicator	1.141	1.111	1.094
Maximum peak in Final Diff. Map	0.57 e‑/Å3	2.56 e‑/Å3	3.97 e‑/Å3















Crystal Colour, Habit	yellow, platelet	colourless, prism
Crystal Dimensions (mm3)	0.100 X 0.030 X 0.010	0.080 X 0.080 X 0.060
Crystal System	orthorhombic	monoclinic
Lattice Parameters	a = 20.465(9) Å	a = 7.317(4) Å
	b = 8.709(4) Å	b = 17.024(7) Å










No. of Reflections Measured	23222	14785
Rint	0.1355	0.1636
Min and Max Transmissions	0.696 - 0.943	0.639 - 0.982
Independ. Reflection (No. Variables)	2260(168)	3397(272)
Residuals: R1 (I>2.00σ(I))	0.0719	0.0965
Residuals: wR2 (All Reflections)	0.1945	0.1826
Goodness of Fit Indicator	1.272	1.095
Maximum peak in Final Diff. Map	2.03 e‑/Å3	0.32 e‑/Å3
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The first examples of complexes containing the 1,8-naphthosultam anion are described.
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